Traditional companies have transformed their approaches under the impact of globalization, competition, information technology and the Internet. They integrate into a volatile network of collaborating business -the business value network that has become increasingly important in the world's economy of the future. Their appropriate IT support must efficiently realize business collaborations and interactions between globally spread organizations. This paper presents the impact of serious games ecosystems on Future Internet Enterprise Systems (FInES) and discusses interoperabilitybased perspectives that aim to increase efficiency and performance.
INTRODUCTION
European and national strategies on renewable energy facilitated the establishment of new renewable energy companies, as well as the development of the existing ones [European Commission, 2013] . These companies have to overcome many challenges in an attempt to enhance their performance on a deregulated energy market [Jager-Waldau et al., 2011] . Moreover, the challenges arise also from the democratization of energy [Da Graca Carvalho et al., 2011] , where more and more consumers become producers.
Even if this growing use of decentralized energy systems and the increasing range and complexity of interactions between providers and consumers cannot be realized without adequate IT solutions [Karnouskos, 2007] , current applications address very specific business requirements and cover only in part the deployment of blended approaches that reunites the benefits of emerging technologies.
Electrical energy management aims to balance energy production and consumption. Any difference from the ideal case where the generated power is equal to consumption translates into over or under energy production, which affects the stability of the energetic distributed system. These negative effects can be annulated or transformed in positives ones by the use of intelligent software systems. New renewable energy providers need to learn not only to compete on the energy market, but also to enhance their decision-making process, to exchange information, knowledge and ideas, and synchronise efforts. Future Internet (FI) creates new opportunities for these providers, enabling them to operate in a competing, as well as a collaborative environment.
This research focuses on renewable energy providers in the context of emerging Future Internet Enterprise Systems (FInES), with the purpose of advancing blended information technology (IT) solutions that can enhance their market performance. The authors consider the democratization of energy and address the following research question: how can newly established renewable energy providers enhance their decision-making capabilities, while taking advantage of FI and of the opportunities offered by Serious Games ecosystems?
The paper build upon the research carried out within two projects: the INDESEN Project (Intelligent decision support and control system for low voltage grids with distributed power generation from renewable energy resources), funded through the Romanian Partnership Program; and the GALA Network of Excellence in Serious Games (FP7- ICT-2009-5-258169) , funded under the European Community Seventh Framework Programme.
The INDESEN Project considers the development of a cloud-based intelligent decision support and control system for low voltage power grids, based on market research reports which contain data collected between July 2012 and February 2013 on 550 Romanian renewable energy providers.
The authors highlight the positive impact that interoperability-based serious games ecosystems can have on the evolution of these Future Internet Enterprise Systems (FInES) . New values can be created by collaborating renewable energy enterprises that are able to harness the potential of serious games (SG) in order to design, develop and commercialize their products and services, as well as to foster dynamic knowledge creation and exchange that potentate an intelligent decision-making environment.
This research advances a serious game ecosystem that integrates knowledge management components, which have the ability to increase the performance of the decisionmaking process. The authors explore the benefits of connecting a business system to a virtual application where decision-makers can test and experiment different decisionmaking scenarios, which have been developed by them or by other experts.
A Serious Games Multidimensional Interoperability Framework (SG-MIF) is advanced as a solution to address a clear overview of alternative interoperability solutions for SG development, in order to facilitate cost-efficient SG solutions that enable the adoption of SG by decision-makers at a larger scale.
Primary production of renewable energy in Romania
According to Eurostat, the primary production of renewable energy (1000 toe) in the Euro area has increased from 65006 to 118679 between 2000 and 2010. While Germany, France, Sweden, and Italy were the largest producers of renewable energy, the production in Romania has increased only from 4040 to 5677 (1000 toe), even if, according to the National Company of Electric Energy Transport Transelectrica S.A., the number of producers has increased each year.
The market research studies conducted within the INDESEN Project aimed to identify mechanisms that enable renewable energy providers enhance their market performance. Information on over 550 providers that use photovoltaic systems has been collected. The data concerns providers that have obtained authorizations between January, 2009 and February, 2013. The research has shown that over 20% of these providers fail to continue their activity for a variety of reasons. Most of these providers were able to overcome excessive bureaucracy, obtain the requested permits and approvals and cover a significant part of the initial investment costs, but failed to achieve market performance due to lack of cumulative expertise in a large range of activities from technical to administrative, financial, juridical, IT, etc.
Cloud-based intelligent decision support and control system
The Intelligent Decision Support System that will be developed within the INDESEN Project aims to enhance the decision-making capabilities of renewable energy providers in order to enable the optimization of the electrical energy distribution in a low voltage grid that is connected to a national grid.
INDESEN is a decision support system offered as a cloud based service. 
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Fig. 1 Integration between INDESEN and SG Ecosystem
Interoperability plays a crucial role in making this interconnection a success. Without solutions that support quality, as well as cost and time reduction, these ecosystem would become expensive tools that would be accessed only by a reduced number of users.
Emerging knowledge-based ecosystems
If in the past, Enterprise interoperability has been seen as a synonym for Enterprise Application Integration at intra-or inter-organizational level, in the future, the ability to adapt to changing market and business requirements together with the ability to reflect the business adaptations on the level of the connected ICT systems will constitute key challenges for the support of business network formations [Friesen, 2011] . Enterprise Interoperability will have to address business value networks not only from the ICT point of view, but also from the social and collaborative perspectives. New ways of developing, hosting, aggregating, mediating, and finally consuming services need to be addressed.
In this context, serious games ecosystems emerge as a solid platform for business value networks that support the development of the relationships involved in the formation and value creation of business value networks from the business, operational and technical perspective.
Knowledge needs to be a productive resource in organizations, and a tool which can be effectively developed into a system that people use in shaping the process orientation of their activities, and that enables them to bring their organizations into a future less characterized by risks and uncertainty. The increasing interconnectedness among organizations and stakeholders, a narrowing global world, and increasing linkages between information and knowledge systems through advancing and emerging technologies [Filip, 2008] have brought about the idea of ecosystems.
SGs provide a new environment where knowledge can prosper. SG ecosystems (Fig. 2) can be defined as an active, progressive, and changing environment in which KM elements operate to meet organizational and leadership mission and vision as they are shaped and determined by individual and group culture, economy, politics, and law and regulated by constantly evolving conceptions of value and quality, efficiency and effectiveness to foster organizational learning and yield competitive intelligence.
Wide access to KM architectures, Web-based applications, worldwide access, high performance, user friendliness, a standardized structure, and an easily administered controlling system represent key requirements of SG ecosystems that are able to increase the performance of decision making within future enterprises.
Fig. 2. The Serious Game Ecosystem
Serious Game Interoperability
In essence, the interconnection of multiple and heterogeneous applications remains a challenge. Usually, the most difficulty of this interconnection is due to the fact that these applications were never designed to work together [Driouche et al., 2006] .
Over the past decades, organizations addressing different domains of activity have attempted to develop standards to promote interoperability among applications. Such efforts have needed to accommodate the heterogeneity and scale of the modelled entities [Annetta, 2008] , especially in the case of FInES.
Just as numerous standards complicate the development of serious games, the lack of universal interoperability standard for serious games often hampers development of serious games. Some researchers [Bergeron, 2006; Sprires, 2008; Davidson, 2010] consider that when it comes to establishing standards, the serious games community is too small to influence standards adopted by the general computing or entertainment gaming communities. For example, even the top entertainment game developers depend on the console developers, who create their own de facto standards whenever they release a new console. The realities of the games marketplace illustrate how abiding by sometimes fleeting standards is necessary but insufficient for serious games developers to survive in certain segments of the games market. For example, by controlling development tools and licensing access to their consoles, Microsoft, Sony, and Nintendo determine who can develop for their game consoles. Serious games developers who aspire to enter the potentially lucrative console market must not only abide by the standards established by the manufacturers, but they must satisfy a variety of additional criteria, such as the potential market share and likely revenue stream for the manufacturer.
Researches have shown that the current interoperability structures are limited, inflexible, do not absorb the rapid advancement of information technology, and impact negatively the creative potential of the development solutions [Bernes-Lee, 2006; Friesen, 2011; Matello and Casanova, 2009; Desourdis et al., 2009; Aldrich, 2009; Gonzalez, 2011] . As SGs emerge as a new opportunity for the business environments, the research on interoperability remains a challenge due to SG complexity.
While standardization bodies and consortia such as ADL, CEN/ISSS, IEEE, IMS, and ISO have already identified the need for interoperability, the implementation process has to adapt constantly because technology advances at a fast pace [Reimsbach-Kounatze and Wunsh-Vincent, 2010] .
In general, the need for standardization is justified by approaches based on the following reasoning: interoperability enables products to work interchangeably; interoperability provides assurance that a product can deliver a certain level of performance; interoperability provides the tools (for example, symbol and terminology) that make it easier for designers, developers and users to communicate; and interoperability reduces the Total Cost of Ownership (TCO) for the learning solution.
The researchers have explored the various definitions and perspectives that have been ascribed to interoperability from technical and semantic to legal, political, human resources, inter-community, international, etc., with the purpose of extracting the core elements that impact effective and comprehensive SG interoperability.
The technical perspective remains the main focus and challenge in SG interoperability. It requires the in-depth analysis of the many competing standards since standard selection is the key to success, as well as of the main areas that focus on communication, transport, storage and representation [Robson and Richards, 2010; Roberts and Gallagher, 2010; Morris and John, 2011] .
The research has confirmed the fact that although incompatible and aging software and infrastructure, as well as the availability of a large spectrum of solutions are the main reasons why interoperability fail and communities cannot talk to each other, these technical elements cannot be adequately addressed until the larger issues such as the lack of strategies, planning, coordination and cooperation are addressed.
The semantic perspective addresses issues that relate to the description of resources. Many different concepts and approaches have been developed along decades [Han et al., 2011; Heath and Bizer, 2011; Kravcik et al., 2006a; Kravcik et al., 2006b ]. Sustainable approaches are required for the development of metadata infrastructures to facilitate automatic content reuse. Through semantic annotations a game should automatically 'understand' that the developers refer to a certain type of object and its properties that are required to integrate that object in the game mechanics and carry out the interactions with the other elements [Peng et al., 2008; Keith and Frese, 2008; Cardoso and Seth, 2010] . Therefore, to sustain the effectiveness of SG projects, it is necessary to develop ways through which a search engine or an application can automatically understand content. It is also important to focus on Web Services, in the perspective that they offer a method through which an application can list in a standardized manner the methods and the properties defined by the service that facilitate access to those data. SG interoperability also concerns the political and the human factors that regulates the availability of resources central to interoperability, negotiates the issues surrounding ownership and control, and might slow development of business rules for access management in SG communities [ReimsbachKounatze and Wunsh-Vincent, 2010] .
Moreover, all institutions and communities have their own rules of engagement and few mechanisms facilitate crossdomain collaborations [Pierre, 2010] . This generates much repetition of effort in various domains of SG research and development. It is necessary to import resources from related technological fields that can support the development of SG interoperability.
The legal aspects concern privacy issues, intellectual rights, archiving and accessibility of legal requirement, as well as the fact that countries and services usually require different legal obligations. These need to be identified and analysed as to optimise the benefits and reduce the limitations.
SERIOUS GAMES MULTIDIMENSIONAL INTEROPERABILITY FRAMEWORK (SG-MIF)
Sound interoperability exceeds the limits of technical and semantic solutions, especially since serious games apply to various areas, such as business, government, military, medicine, architecture, etc. [Matello and Casanova, 2009] . Therefore, interoperability is achieved through multiple tools and approaches. Consequently, it implies the need for collaboration at multidimensional levels that would reunite user communities (residing in various business domains), software, hardware, standards, etc.
SG-MIF main components
The SG-MIF aims to ease the comprehension and the adoption of SG interoperability through the integration of three core dimensions: the components included in a serious games, the ecosystem where the serious game will be implemented and external factors that go beyond the core technical aspects of a serious game.
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Interoperability between game components
In the field of serious games, the interoperability between game components has the role to sustain the reusability of basic multimedia assets and game objects of low, medium and high complexity.
When referring to reusability of game components we can identify two main groups of components:
1. Basic multimedia assets that are reused and integrated into the game based on their file format, and the capabilities of the game engine.
2. Complex game objects that incorporate additional semantic metadata and even custom scripting code can be executed by the game engine interpreter to maximize customization capabilities. Examples include: a user avatar that defines properties such weight, gender, voice characteristics, strengths, weaknesses, etc. These classes of objects have specific prerequisites on the part of the game enginebesides the actual file format, the extended properties of these games must be described in a method that can be read by the game engine and interpreted according to their meaning. Which classes of game components can be made reusable?
What is the best method of describing and embedding metadata about complex game objects so that they can be effortlessly integrated into a variety of game engines? These are questions to be addressed in further research.
Serious Games Architecture
In terms of interoperability, the SG architecture can be approached from low-level and high-level perspectives, where a high-level description considers the SG development environment as a whole, and the low-level description addresses individual architecture components and how they operate. To achieve an interoperable SG architecture, the concept of network centric is a step in the right direction -all modules connect to the network, not to each other. But a common networking base is insufficient to reach a goal of cross-system interoperability -the large information system. Many standardization efforts have attempted to solve this problem, but appear to have lacked the necessary scope. For instance, there have been many efforts aimed at standardizing data elements; these efforts, if followed through, yield some gains, but never seem to quite reach the interoperability goal. If we are to truly erect an interoperable architecture, we need to broaden the scope. This problem of cross-program, crossservice and cross-ally interoperability requires that an agreement is reached on the what of modularization, not just the how.
SG design patterns
Game design patterns provide proven examples of the relationships that can be created between SG pedagogical components in the SG-MIF and how these affect the game play. The SG-MIF aims to incorporate the invariant components of serious games from a design perspective and provide access to a collection of reusable design choices that can support a sustainable development of SG Projects. The SG-MIF will be extended based on how the gameplay is constructed from physical and logical components. This approach enables the development of interoperability-aware SG Projects that integrate reusable game design patterns. This initiative supports sharing and reuse of designs, and formats for notation, access and interoperability of design repositories [Bennett et al., 2007] .
The premises of this scenario were that resources are more valuable if they can be used for as many different types of environments as possible. It considers the fact that contextual dependencies limit the potential audience of a resource. The structure, content and presentation of a resource should be as free from dependence on external context as possible. Game design patterns support the creation of games on many levels, from initial ideas, design concepts, and design documents (Bjork & Holopainen, 2004) .
SG Interoperability perspectives
SG interoperability is and can be achieved at different levels. From a developer-centric perspective, the major work products in a game can be synthetized as: content, technology, and mechanisms. A sustainable construction of the SG-MIF requires new control structures for development and innovation. To support this approach, it is necessary to consider and represent the interoperability potential of serious game components. Two categories emerge: passive components; and active components.
Each element of the SG-MIF is subject to specific rules. The SG components dimension can be structured within different -sometimes opposite -categories: Components/ factors related to business/ educational aspects; Components/ factors related to technical aspects; Mixed components/ factors, which include both business/ educational and technical aspects.
The SG-MIF addresses interoperability issues from two perspectives:
-At macro level that analysis the tension between the dimensions of the SG-MIF. This considers how decisions taken on one of the dimensions impact the other dimensions.
-At micro level that considers how decisions inside a particular dimension, related to different factors involved, influence the holistic view of the dimension and hence, how micro-decisions affect the entire SG-MIF.
The SG-MIF aims to fundament prior evaluation, respectively the ability to evaluate, earlier in a serious game project, two key elements: the potential improvement that will result from the solution's implementation; and the impact of this interoperability improvement on the achievement of the SG objectives at technical, operational and strategic level.
The researchers hypothesize that the difficulty of these approaches that aim to assess the contribution of interoperability to the SG development strategy relates to the fact that they do not take into account the entirety of the SG ecosystem. The goal of this research was to propose a framework that addresses this issue and that enables SG developers consider different levels of interoperability, as well as develop adaptable interoperability scenarios. Future research will focus on mapping the strengths and the challenges of each of the sub-elements of the SG-MIF with the purpose of offering a clear picture on the advantages and disadvantages of each interoperability solution.
To support the adoption of standards and of interoperability solutions it is necessary to go beyond the core understanding of these notions and explore a broader understanding of what they mean in different contexts and at different levels. To address this specific need, the research has identified the following core areas of intervention: the technological layer; the human layer; and the institutional layer.
CONCLUSIONS
Serious Games ecosystems offer unlimited possibilities for renewable energy providers, especially in terms of knowledge sharing and market opportunities. The adoption of SG ecosystems by FInES enables them to enhance their decision-making process by accessing a testing environment and thus reducing the learning cycle.
The success of SG ecosystems relies heavily on interoperability, as a potential factor to reduce costs and increase efficiency. This paper presents a serious games multidimensional interoperability framework and different scenarios that can be developed based on this approach. The main scope is to support the development of cost-efficient SGs that are integrated with intelligent decision-making systems. Further work will focus on the customization of the integration between SG ecosystem and intelligent decisionsupport systems, in order to address specific needs of the FInES.
